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What is claimed is: 

1. A methoM of fabricating field effect transistors having low 
sheet resistance gate electrodes, comprising the steps of: 

providirng a semiconductor substrate, said substrate having 
been provided with at least one gate electrode created over an 
active surface rtegion as said substrate as defined by regions of 
Shallow Trench Isolation provided in the surface of the said 
substrate, said at Yeast one gate electrode having been provided 
with gate spacers, i\purity implants of source and drain regions 
in addition to LightlA Doper Diffusion regions having been 
provided in the surfacelof said substrate self-aligned with said 
at least one gat& /elpe-G^^de , said at least one gate electrode 
comprising a layer of padlpxide created over the surface of said 
substrate over which a laye^r of polysilicon has been patterned; 

depositing a thin layer\ of salicide material over the 

surface of said substrate, including the surface of said gate 

v 

spacers and said layer of polysilicon provided for said at least 
one gate electrode; 

performing a first anneal, cheating reacted and unreacted 
salicide material, forming salicided layers comprising said 
reacted salicide material over the syrface of said source and 
drain implants; 

first removing said unreacted salicide material from the 
surface of said substrate; v 
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depositing a layer of etch stop material over the surface of 
said substrate! including the surface of said gate spacers and 
said layer of p&lysilicon provided for said at least one gate 
electrode; \ 

depositing a layer of dielectric over the surface of said 
layer of etch stop material to an adequate thickness such that 
the surface of said liayer of dielectric extends above the surface 
of said layer of etch stop material even where said etch stop 
material overlays the surface of said at least one gate 
electrode; \ 

polishing the y^rfacd of said layer of dielectric down to 
the surface of saia layer a£ etch stop material where said layer 
of etch stop material overlays the surface of said at least one 
gate electrode, using said layer of etch stop material as a stop 
for said process of polishingA 

removing said layer of etcla stop material from above said at 
least one gate electrode, exposing the surface of said layer of 
polysilicon forming part of said^at least one* gate electrode; 

depositing a thick layer of salicide material over the 
surface of said polished layer of drelectric, including the 
exposed surface of said layer of polysilicon; 

performing a second anneal of said deposited thick layer of 
salicide material, creating reacted and Vunreacted salicide 
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material, a layfcr of reacted salicide material overlying said 
layer of polysillcon of said at least one gate electrode; 

second removing unreacted salicide material from the surface 
of said layer of dielectric; 

performing a thrsrd anneal, reducing the sheet resistance of 

\ 

said reacted salicide material overlying said layer of 
polysilicon of said at l\ast one gate electrode. 



2. The method of claim 1 wWferein said depositing a thin layer of 
salicide material over^the surface of said substrate comprises 
depositing a thin layarx^f TiATiN, deposited to a thickness 
between about 100 and 500 Angsrarom and more preferably to a 
thickness of about 300 Angstrom. 

3. The method of claim 1 wherein skid first anneal is a low 
temperature anneal performed by rapAd thermal annealing in a 
temperature range of between about 60\) and 850 degrees C. for a 
time between about 20 and 60 seconds, 



4. The method of claim 1 wherein said finst removing said 
unreacted salicide material from the surface of said substrate 
comprises performing a selective wet etch, 
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5. The methodA of claim 1 wherein said depositing a layer of etch 
stop material fover the surface of said substrate comprises 
depositing a layer of silicon nitride. 

6. The method of &laim 1 wherein ■ said depositing a layer of 
dielectric over th^surface of said layer of etch stop material 
comprises depositing^ layer of boro-phosphate-silicate-glass 
(BPSG) . 



7 . The method of^laim ft wherein said removing said layer of etch 
stop material tf^om \hove \said at least one gate electrode 
comprises applying an Reaccive Ion Etch. 



8. The method of claim 1 wherein said depositing a thick layer of 
salicide material over the su^ace of said polished layer of 
dielectric comprises depositing, a layer of Ti/TiN, deposited to a 
thickness between about 2,000 to^ 5,000 Angstrom. 



9. The method of claim 1 wherein skid performing a second anneal 
of said deposited thick layer of sakicide material comprises 

performing a low temperature anneal performed by rapid thermal 

\ 

annealing in a temperature range of between about 600 and 850 

V 

degrees C. for a time between about 20\and 60 seconds. 
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10. The method \of claim 1 wherein said second removing unreacted 
salicide material from the surface of said layer of dielectric 
comprises performing a selective wet. etch. 

11. The method of claYm 1 wherein said third anneal comprises 
rapid thermal annealingv in a temperature range of between about 
850 and 1000 degrees C. !^or a time between about 20 and 60 
seconds . 

12. A method of fabricating ^i^d effect transistors having low 
sheet resistance ^^t^el^ctro^es, comprising the steps of: 

providing a semiconductor\substrate, said substrate having 
been provided with at least one Vjate electrode created over an 
active surface region as said substrate as defined by regions of 
Shallow Trench Isolation provided In the surface of the said 
substrate, said at least one gate electrode having been provided 
with gate spacers, impurity implants \pf source and drain regions 
in addition to Lightly Doper DiffusionX regions having been 
provided in the surface of said substrate self-aligned with said 
at least one gate electrode, said at least one gate electrode 
comprising a layer of pad oxide created over the surface of said 
substrate over which a layer of polysilicom has been patterned; 

depositing a thin layer of Ti/TiN over ihe surface of said 
substrate, including the surface of said gate ^spacers and said 
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layer of polysilicon provided for said at least one gate 
electrode, deposited to a thickness between about 100 and 500 
Angstrom and m<\re preferably to a thickness of about 300 
Angstrom; 

performing a\ low temperature anneal of said deposited thin 
layer of Ti/TiN in\a temperature range of between about 600 and 
850 degrees C. for A time between about 20 and 60 seconds, 
creating a layer of *MSi x over the surface of said source and 
drain implants, leavino uncreated Ti/TiN in place over the 
surface of said Shallowv Trench Isolation . regions ; 

removino^sftid uncreated Ti/TiN from the surface of said 
substrate b&rgferf o riffling a\selective wet etch; 

depositing a layer of\silicon nitride over the surface of 
said substrate, including the surface of said gate spacers and 
said layer of polysilicon provided for said at least one gate 
electrode; 

depositing a layer of bord-phosphate-silicate-glass (BPSG) 
over the surface of said layer a£ silicon nitride to an adequate 
thickness such that the surface <y£ said layer of boro-phosphate- 
silicate-glass (BPSG) extends above the surface of said layer of 

\ 

silicon nitride even where said silicon nitride overlays the 
surface of said at least one gate electrode; 

polishing the surface of said layer of boro-phosphate- 
silicate-glass (BPSG) down to the surface of said layer of 
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silicon nitrioe where said layer of silicon nitride overlays the 
surface of saicl at least one gate electrode, using said layer of 
silicon nitride\as a stop for said process of polishing; 

removing sai\d layer of silicon nitride from above said at 
least one gate electrode by applying an Reactive Ion Etch, 
exposing the surface of said layer of polysilicon forming part of 
said at least one ga\e electrode; 

depositing a thiak layer of Ti/TiN over the surface of said 
polished layer of boroAphosphate-silicate-glass (BPSG) , including 
the exposed surface of seid layer of polysilicon, deposited to a 
thickness between fi^put 2V000 to 5,000 Angstrom ; 

performing an anneal of said deposited thick layer of Ti/TiN 
by rapid thermal annealing In a temperature range of between 
about 600 and 850 degrees C.Vfor a time between about 20 and 60 
seconds, creating a layer of "Hi Six overlying said layer of 
polysilicon of said at least one gate electrode; 

removing unreacted Ti/TiN ftom the surface of said layer of 
BPSG by performing a selective wet etch; and 

performing an anneal of said layer of TiSi x , comprising a 
rapid thermal annealing in a temperature range of between about 
850 and 1000 degrees C. for a time b&tween about 20 and 60 
seconds, reducing the sheet resistance of said reacted salicide 
material overlying said layer of polysilicon of said at least one 
gate electrode. \ 
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13. A method! of fabricating field effect transistors having low 
sheet resistance gate electrodes, comprising the steps of: 

providing a semiconductor substrate, said substrate having 
been provided wd-th at least one gate electrode created over an 
active surface Aegion as said substrate as defined by regions of 
Shallow Trench Isolation provided in the surface of the said 
substrate, said an least one gate electrode having been provided 
with gate spacers, \impurity implants of source and drain regions 
in addition to Lighily Doper Diffusion regions having been 
provided in the surface of said substrate self-aligned with said 
at least one gate electrode, said at least one gate electrode 

v 

comprising a stack of layers of pad oxide created over the 
surface of said substrate, a layer of polysilicon patterned over 

\ 

the layer of pad oxide and a layer of boromtnde patterned over 
the layer of polysilicon;! 

depositing a thin lay^er of salicide material over the 
surface of said substrate, including the surface of said gate 
spacers and said layer of polysilicon provided for said at least 

\ 

one gate electrode; \ 

\ 

performing a first anneal, creating reacted and unreacted 
salicide material, forming salicided layers comprising said 
reacted salicide material over the surface of said source and 
drain implants; 
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first removing said unreacted salicide material from the 
surface of san.d substrate; 

depositing an isolation film over the surface of said 
substrate, including the surface of said gate spacers and said 
layer of boronitride provided for said at least one gate 
electrode; 

depositing a ikyer of filler material over the surface of 
said isolation film no an adequate thickness such that the 
surface of said layer \pf filler material extends above the 
surface of said isolation film even where said isolation film 
overlays the surface of said at least one gate electrode; 

polishing the surface of said layer of filler material and 
said layer of isolation film down to the surface of said layer of 
boronitride of said at least\ one gate electrode, using said layer 
of boronitride as a stop for said process of polishing; 

removing said layer of bois^onitride from said at least one 
gate electrode, exposing the surface of said layer of polysilicon 
forming part of said at least ona gate electro'de; 

depositing a thick layer of salicide material over the 
surface of said polished layer of fVLller material, including the 



exposed surface of said layer of polysilicon; 

\ 

performing a second anneal of said deposited thick layer of 

\ 

salicide material, creating reacted an'd unreacted salicide 
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material, \ a layer of reacted salicide material overlying said 
layer of pplysilicon of said at least one gate electrode; 

seconcn removing unreacted salicide material from the surface 
of said layeir of dielectric; 

performirra a third anneal, reducing the sheet resistance of 
said reacted salicide material overlying said layer of 
polysilicon of saVd at least one gate electrode. 

14. The method of claim 13 wherein said depositing a thin layer 
of salicide material over the surface of said substrate comprises 
depositing a thin layer of Ti/TiN, deposited to a thickness 
between about 100 and 500 Angstrom and more preferably to a 
thickness of about 300 Angstrom. 



15. The method of claim 13 wherein said first anneal is a low 
temperature anneal performed by rapid thermal annealing in a 
temperature range of between about 600 and 850 degrees C. for a 
time between about 20 and 60 seconds. 

16. The method of claim 13 wherein said first removing said 

\ 

unreacted salicide material from the surface of said substrate 
comprises performing a selective wet etch. 
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17. The method of claim 13 wherein said depositing an isolation 
film over the surface of said substrate comprises depositing a 
layer of silicon oxide. 

18. The method of claim 13 wherein said depositing a layer of 
filler material over the surface of said layer of etch stop 
material comprises depositing a layer of photoresist. 

19. The method of claim 13 wherein said removing said layer of 
boronitride from said at least one gate electrode comprises 
applying a Reactive Ion Etch. 

20. The method of claim 13 wherein said depositing a thick layer 
of salicide material over the surface of said polished layer of 
filler material comprises depositing a layer of Ti/TiN, deposited 
to a thickness between about 2,000 to 5,000 Angstrom. 

21. The method of claim 13 wherein said performing a second 
anneal comprises performing a low temperature anneal performed by 
rapid thermal annealing in a temperature range of between about 
600 and 850 degrees C. for a time between about 20 and 60 
seconds . 
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22. The met 
salicide ma 



iod of claim 13 wherein said second removing unreacted 
Serial from the surface of said layer of filler 



material comprises performing a selective wet etch. 

23. The method of claim 13 wherein said third anneal comprises 
rapid thermal annealing in a temperature range of between about 
850 and 1000 degrees C. for a time between about 20 and 60 
seconds . 

24. A method oi fabricating field effect transistors having low 
sheet resistance gate electrodes, comprising the steps of: 

providing a semiconductor substrate, said substrate having 
been provided with at least one gate electrode created over an 
active surface region as said substrate as defined by regions of 
Shallow Trench Isolation provided in the surface of the said 
substrate, said at Veast one gate electrode having been provided 
with gate spacers, impurity implants of source and drain regions 
in addition to Light l\y Doper Diffusion regions* having been 
provided in the surface of said substrate self-aligned with said 
at least one gate electrode, said at least one gate electrode 
comprising a stack of layers of pad oxide created over the 

\ 

surface of said substrate, a layer of polysilicon patterned over 



the layer of pad oxide and a layer of boronitride patterned over 
the layer of polysilicon; 
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depositing a thin layer of Ti/TiN over the surface of said 
substrate, including the surface of said gate spacers and said 
layer of polysilicon provided for said at least one gate 
electrode, deposited to a thickness between about 100 and 500 
Angstrom and mor\e preferably to a thickness of about 300 
Angstrom; 

performing allow temperature anneal of said deposited thin 
layer of Ti/TiN in\a temperature range of between about 600 and 
850 degrees C. for k time between about 20 and 60 seconds, 
creating a layer of VriSi x over the surface of said source and 
drain implants, leaving uncreated Ti/TiN in place over the 
surface of said Shallow Trench Isolation regions; 



removing said uncreated Ti/TiN from the surface of said 
substrate by performing \a selective wet etch; 

depositing a layer o^f silicon oxide over the surface of sa 
substrate, including the surface of said gate spacers and said 



layer of boronitride provided for said at least one gate 
electrode; 

depositing a layer of photoresist over the surface of said 
layer of silicon oxide to an \adequate thickness such that the 
surface of said layer of photoresist extends above the surface < 
said layer of silicon oxide even where said silicon oxide 
overlays the surface of said at\least one gate electrode; 
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polishing the surface of said layer photoresist and said 
layer of silicon oxide down to the surface of said layer of 
boronitride being part of at least one gate electrode, using said 
layer of boronitride as a stop fox said process of polishing; 

removing said \layer of boronitride from said at least one 
gate electrode by applying an Reactive Ion Etch, exposing the 
surface of said layer\of polysilicon forming part of said at 
least one gate electrode; 

depositing a thick \layer of Ti/TiN over the surface of said 
polished layer of photoresist, including the exposed surface of 
said layer of polysilicon,\ deposited to a thickness between about 
2,000 to 5,000 Angstrom ; 

performing an anneal of\said deposited thick layer of Ti/TiN 

by rapid thermal annealing in\a temperature range of between 

about 600 and 850 degrees C. for a time between about 20 and 60 

\ 

seconds, creating a layer of TiSdx overlying said layer of 
polysilicon of said at least one gate electrode; 

removing unreacted Ti/TiN from the surface of said layer of 
photoresist by performing a selective wet etch; 

performing an anneal of said laVer of TiSi x overlying said 
layer of polysilicon of said at least\one gate electrode, 
comprising a rapid thermal annealing ifa a temperature range of 
between about 850 and 1000 degrees C. for a time between about 20 
and 60 seconds, reducing the sheet resistance of said reacted 

\ 
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\ 

salicide material overlying saici layer of polysilicon of said at 
least one gate electrode. 
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